We have developed a quantitation method for cholesterol in each lipoprotein fraction of blood serum through separation by HPLC and selective detection by enzymatic reaction. Enzymatic reactions can be applied in general to quantitation of serum lipoprotein components other than cholesterol. We have succeeded in the quantitation of choline-containing phospholipids using this kind of technique6).
Introduction
Serum lipoproteins are usually defined accord ing to their densities.
However, it is well known that there is a high correlation between lipoprotein density and particle size due to their chemical composition and structure.
We have developed a new method for lipoc protein analysis using high performance liquid chromatography (HPLC) with gel permeation columns (TSK-GEL, Toyo Soda Mfg. Co., Ltd., Tokyo) which separates serum lipoproteins according to differences in particle sizes : chylo= microns, very low density lipoprotein (VLDL), low density lipoprotein (LDL) and high density lipoproteins (HDL2 and HDL3)1), 2). And we have reported a direct quantitation method for cholesterol in human serum lipoproteins by HPLC method which is composed of two steps : 1) separation of human serum lipoproteins by HPLC, and 2) selective detection of cholesterol by an enzymatic reaction with column effluent, using a commercial kit (Determiner TC "555", Kyowa Medex Co., Ltd., Tokyo) 3), 4) Other components than cholesterol of serum lipoproteins (i.e., triglycerides and cholinecontaining phospholipids) can be also analyzed by using specific enzymes. In particular, the detection of triglycerides was found to be very useful for study of large size lipoproteins such as chylomicrons and VLDL, because they contain large amounts of triglycerides (50~90 %). Experimental procedures for the selective detection of triglycerides will be published elsewhere5).
Phospholipids are essential components of serum lipoproteins. All lipoproteins, not only normal lipoproteins but abnormal lipoproteins which appear in sera of patients with dyslipo= proteinemia, contain appreciable amounts (18~-30%) of phospholipids. Recently, a new enzy= matic method for determination of serum cholinecontaining phospholipids with mixed enzymes of phospholipase D (from Streptomyces species), choline oxidase (from Arthrobacter species) and peroxidase was presented by Takayama et al. 7) An enzyme kit (PL kit K"f") according to them can be obtained from Nippon Shoji Co. Ltd. By using this enzymatic method, cholinecontaining phospholipids can be measured by the absorbance at 500 nm of the quinone diimine dye which is produced by the enzymatic reaction.
In this paper, the optimum method of prepay ing an enzymatic reagent for quantitation of choline-containing phospholipids was determined by doing a bulk test under conditions similar to the flow system of the HPLC method. This optimum preparation of enzyme solution used for HPLC analysis is described here. Also, a comparison was made of the reactivities of choline-containing phospholipids in each lipov protein fraction (Chylomicron+VLDL, LDL, HDL3 and HDL3), prepared by sequential floatation methods'. Reagents : The concentration of cholinecontaining phospholipids (PL) is determined by using a commercial enzymatic reagent for autoanalyzers : PL kit K "f" (Nippon Shoji Co. Ltd.). This reagent was obtained in the form of premixed lyophilized vial which contained 40 units of phospholipase D, 130 units of choline oxidase, 110 units of peroxidase and 5.6 mg of 4-aminoantipyrine (4-AA).
The end point of the enzymatic reaction can be obtained after incubation at 37°C for 5 min in an assay solu= tion which consists of one vial (PL kit K"f"), and 50 ml of a buffer solution which contains 20 mg phenol and 200 mg Triton X-i00 per 100 ml of 0.05 M Tris-HC1 buffer (pH 7.8±0.1). Hereafter, the volume fraction of the PL kit K "f" in this assay solution will be defined as VF =1.00.
Choline-containing
Phospholipids Quanc titation (Bulk Test) The quantitation of choline-containing phospholipids in whole serum or in each lipoprotein fraction was performed in a test tube in the following way : 3.0 ml of enzyme solution were preincubated at 39°C. The sample was then added to the enzyme solution. This reaction solution was quickly transferred to a spectrophotometer cell after stirring under constant conditions by using a tube vibrator (MIA-1 Torika Mixer, Tokyo Rikakikai). Absorbance at 500 nm was recorded from the moment of addition of sample to enzyme solution.
Results

Examination of the Optimum Preparac tion for the Enzymatic
Reaction in the Test Tube For application to HPLC method, the optimum preparation of the quantitation reagent was determined using human serum by varing one factor of the buffer solution while the others were held constant [the concentration of phenol, Triton X-100, enzyme solution (PL kit K"f ") , NaCI and Tris-HC1 buffer].
Phenol
One vial of commercial enzyme kit was dissolved in 50 ml of control buffer solution which contains the same components as the commercial buffer solution without phenol, and appropriate amounts of stock solution (25.2 mg of phenol per 1.0 ml) were then added to 3.0 ml of the above enzyme solutions (volume change of each solution can be ignored because stock solution was added only in trace quantities). The change of A500 for reaction solution (come posed of 20 il of serum and this enzyme solution) is recorded. The ratio of A500 at various reaction times to the A500 at the end point of reaction (specific absorbance, %) is plotted against the molar ratio of phenol to 4-AA in the reaction solutions (see Fig.-) .
This shows that excess phenol concentration does not inhibit the enzymatic reaction and that any phenol concentration is satisfactory unless the molar ratio of phenol to 4-AA is less than 1.0.
Triton X-1 00 In order to examine the effect of Triton X-100 on the enzymatic reaction, the enzymatic reaction of human serum and choline aqueous solution were compared using a reaction solution without Triton X-100. Fig.-2 shows the time course of A500. In the case of human serum, the end point of the enzymatic reaction can not be obtained clearly, while the end point for choline aqueous solution can be obtained within 3 min. This indicates that Triton X-100 is a major accelerating factor for production of free choline from phospholipids by phospholipase D. And it has been reported" that there is an optimum concentration of detergents for subs strate in the reaction of phospholipase D. Then, the optimum concentration of Triton X-100 for this enzymatic reaction was examined by using 20 ,ul of whole serum as substrate. The enzyz matic solution containing various amounts of Triton X-100 were prepared using a stock solution of Triton X-100 (10.04 g/50 ml) and control buffer solution without Triton X-100 (phenol : 20 mg, Tris : 605.7 mg, NaNS : 3.0 mg and iN HCl/100 ml, pH 7.8±0.1).
The result is shown in Fig.-3 . This optimum concentration range is found to be increased by elongation of the reaction time.
Enzyme solution
A plot of the maximum A500 against the volume fraction of the enzyme solution (VF) in the reaction solution is presented in Fig.-4 . The definition of the VF is described in the section on experimental Sample, 20 ul of whole serum (49.8 jog of cholinecontaining phospholipids) ; concentration of Triton X-100: 50 mg/100 ml ; other conditions as in Fig.-2 . procedure. A plot of reaction time (min) for obtaining the end point o£ the enzymatic reaction against the VF is also shown in the same figure. When VF is less than 0.5, the maximum A000 decreases. This shows that the amount of the enzyme is insufficient for the amount of substrates (20,11 of serum). If VF > 0.5, the quantiation of choline-containing phospholipids can be achieved within about 8.0 min. NaCI The relation between NaCI concentra= tion and the enzymatic reaction was studied. The specific absorbance at 9 min and the maxc imam value of A500 were plotted against NaCI concentration (see Fig.-5) .
The inhibition effect was found to be negligible when NaCI concentration is less than 0.6 M.
Tris-HC1 Buffer
The effect of the concenv tration of Tris-HC1 buffer on the enzymatic reaction was examined. A slight decrease of A500 (about 5%) was observed in the case of 1.0 M Tris-HCI.
But at the low concentrations used in the HPLC method, the effect of TrisHCl buffer on the enzymatic reaction can be ignored.
Rate of the Enzymatic Reaction for Each Lipoprotein Fraction The rate of the enzyc matic reaction for whole serum, and for each lipoprotein fraction (Chylomicron+VLDL, LDL, HDL2 and HDL3) prepared by the sequential floatation method of Havel et al'', were examined by the bulk test. To make conditions similar to the flow system, we used an enzyme solution which was prepared by dissolving one vial (PL kit K "f") in 58 .0 ml of 0.15 M NaCI and 29.0 ml of buffer solution for HPLC. This buffer solution contained 44.4 mg phenol and 58.3 mg Triton X-100 per 100 ml of 0.05 M Tris HCl buffer (pH 7.8). To cancel out the dependence of the reaction rate of phospholipase D on the amount of substrates, the total amount of choline-containing phospholipids in each lipoprotein fraction was kept constant at about 9 sag. The time course obtained for each fraction is shown in Fig.-8 . The times required for a 50 % reaction in these samples were found to have the same value within the limits of experimental error (see closed circle in Fig.-) . phospholipids in blood serum'°>"'2)• Since a shorter reaction time was required for the enzymatic reaction in the flow system, we used an enzyme kit for autoanalyzers (PL kit K "f") which contained higher units of each enzyme than an usual one (PL kit K). Then we determined optimum buffer solution in order to apply this vial (PL kit K "f") to our HPLC system. This was achieved by a bulk test under condition similar to the flow system, varying one factor of the solution while keeping the others constant.
As mentioned in the section on results, the concentration of phenol need not be strictly fixed as long as the ratio of phenol to 4-AA is more than 1.0.
It is well known that detergents play an important role in accelerating enzymatic reaction of phospholipase D9'. An experiment as shown in Fig. -~ indicates that this detergent is necessary for the enzymatic action of phospho lipase D on the serum lipoprotein. It has been however reported that there exist optimum concentration of detergents for phospholipase D ractions, and that an excess of detergent causes an inhibitory effect".
As presented in Fig.-3 , the optimum quantity of Triton X-100 was observed to be between 3.04.5
x 10-3 m mol for 201d of whole serum (about 60 ,ug of cholinecontaining phospholipids).
The range of this quantity was found to increase with elongation of the reaction time (over 5.0 mm).
When this enzymatic method is applied to the flow system, the dilution of enzymatic solution with eluate (0.15 M NaCI) from the column can not be avoided. Therefore the influence of NaCI on this enzymatic reaction was also examined. As can be shown in Fig.-5 , when the concentration of NaCI is higher than 0.6 M, the enzymatic reaction is slightly inhibc ited. In the HPLC flow system, the concenc tration of NaCI is 0.15 M at most, so that the enzymatic reaction is scarcely inhibited.
Our examination of the effect of Tris-HCl buffer concentration indicated that the concenc tration range used in the HPLC method (less than 0.05M) has no influence on the enzymac tic reaction.
As shown in Fig.-4 , concentration of more than VF= 0.5 could give the end point in a short experimental time.
These examinations give the optimum prep:
aration of the reaction solution. One vial of the enzyme kit should be dissolved in 25.0 ml of the buffer solution as shown in Table- 
